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number of young fruits that were ultimately developed into 
mature pods was also recorded. 
 During the flowering season, C. pentandra sheds leaves. 
As most of the branches bore inflorescences at their terminal 
ends, the flowers were well exposed to pollinators. A single 
inflorescence consisted of 12.6 ± 7.4 flowers (n = 60). 
Anthesis occurred at 1920 to 1930 h (n = 28) and the pet-
als remained open throughout the nights. The petals either 
began to close or the flowers dropped at 0615 to 0630 h 
(n = 28). 
 Mist-netting and visual observations revealed that two spe-
cies of fruit bats, namely Cynopterus sphinx and Pteropus 
giganteus visited C. pentandra all through the night. Another 
species, Rousettus leschenaulti made infrequent visits. 
Although the visits of both C. sphinx and P. giganteus 
showed a bimodal pattern, there was a distinct temporal 
partition among their visits. The primary and secondary 
peaks on the visits of C. sphinx occurred at 1900 and 2300 h 
respectively. Whereas the corresponding peaks on the vis-
its of P. giganteus occurred during 2200 and 0200 h res-
pectively (Figure 1). Both species visited C. pentandra 
trees in groups. We observed that a maximum of eight in-
dividuals of (5.6 ± 1.35, n = 20) C. sphinx fed upon nectar 
simultaneously from different inflorescences in a single tree 
without showing any intra-specific interference. Foraging 
activity of C. sphinx included hovering over the inflores-
cences, landing on them directly and lapping on nectar 
(Figure 2 a). It fed a total of six to eight times on a single 
inflorescence every night and each bout lasted for 0.08 ± 
0.04 min (n = 10). Similarly, 7–9 P. giganteus visited a 
single tree. There were aggressive interactions during forag-
ing. Such intra-specific conflicts in P. giganteus were promi-
nent between 1900 and 2000 h and lasted for a maximum 
period of 1.6 ± 0.8 min (n = 20). Unlike C. sphinx, P. gi-
ganteus neither hovered over the inflorescences nor landed 
on them directly. Instead, they landed on branches at a 
distance of 30–50 cm away from the inflorescences and 
then reached the latter with bipedal and quadrupedal 
movements. When close t  the inflorescences they str tched 
one of their wings, slowly turned the flowers towards their 
mouths and started lapping the nectar. While feeding on 
nectar, they remained hanging upside down (Figure 2 b). 
In a single feeding bout, P. giganteus lapped up nectar 
from 3 to 8 inflorescences for 3.8 ± 1.7 min (n = 16). On 
completion of feeding, P. giganteus tayed in the trees 
without showing much movement for 11.3 ± 8.  min (n = 6) 
and then flew away. 
 Other than bats, some unidentified species of moths also 
visited the flowers of C. pentandra and consumed the nectar 
from both second and third sets of marked inflorescences. 
The activity of the insects was not observed throughout 
the night. However, their maximum visits occurred between 
1800 and 2000 h (131.1 ± 38.8, n = 10). A single inflores-
cence was visited by 4–6 moths at night. Bees (Apis florea, 
Melipona iridipennis) and wasps (Ropalidia cyathiformis) 
were observed in these trees during daytime (0700–1100 h). 
However, during daytime the flowers were completely 
closed and these insects mainly fed on the honey left over 
on the inflorescence. A palm squirrel (Funambulus pal-
marum) was also observed (n =11) in these trees in the 
evening hours (1500–1700 h), but it consumed about 3–4 
entire flowers. 
 After 32.8 ± 3.6 days (n = 60), fruits were formed in all the 
thre  sets of inflorescences. Total numbers of fruit set and 
pod formation in each inflorescence are given in Table 1. 
We observed 81% fruit set from the uncovered inflores-
cences that were visited by both bats and insects. Fruit set 
in the inflorescences to which only insects visited was 
56%, whereas it was only 41% in the control set of inflo-
rescences. However, not all the young fruits were converted 
into mature pods. From the uncovered inflorescences 
50% pods were produced. Insect visitation resulted in 22% 
pods compared to 14% in control. One-way ANOVA (F2,57 = 
15.96, P < 0.001) showed that there is a significant dif-
ference in the fruit set among set 1 (control), set 2 (only 
insect-visits), and set 3 (both insect and bat-visits). Further 
analyses with Tukey multiple comparison test showed that 
differences between set 1 and set 2 were not significant 
(t = 1.77, P > 0.05), but it was significant between set 2 and 
set 3 ( = 3.76, P < 0.01) and highly significant between set 
1 and set 3 (t = 5.53, P < 0.001). Out of a total of 355 visits 
made by P. giganteus in the entire study, we observed 
that on 24 occasions it fed upon the tender fruits of C. 
pe tandra. However, C. sphinx never fed upon such tender 
fruits. 
 
 
Table 1. Fruit set index (% fruits/flowers) in the control and treated 
  inflorescences of Ceiba pentandra 
 Types of No. of  No. of No. of Fruit set 
Set inflorescence buds  fruits mature pods index 
 
1 Bagged flowers 229  94  33 0.41 
2 Insect-visits  236 132  51 0.56 
3 Open pollination 254 205 128 0.80 
 
 
 
 
Figure 1. Nectar feeding visit patterns of three sympatric fruit bats 
during blooming period of Ceiba pentandra. Closed circle, C. sphinx; 
open circle, P. giganteus; vertical bar, R. leschenaulti; values are given 
as mean ± SD. 
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Figure 2. a, The Indian short-nosed fruit bat Cynopterus sphinx approaching Ceiba pentandra to feed on nectar (note the ventral body surface of 
the hovering bat is covered with pollen). b, The Indian flying fox Pteropus giganteus lapping nectar from the inflorescence of C. p ntandra.  
 
 
 Our study supports a recent report17 describing ptero-
podid bats visiting inflorescences of C. pentandra. We 
demonstrate that both C. sphinx and P. giganteus were 
the principal visitors of C. pentandra, but R. leschenaulti, 
was visited rarely. However, in contrast to the earlier report17, 
C. sphinx and P. giganteus foraged in groups in our study. 
Usually in mass flowering plants such a  Fi us species and 
Bassia latifolia, group foraging by bats is common18. Our 
study shows a similar pattern. The solitary foraging by bats 
on the nectar of C. pentandra in the previous study17 may 
be presumably due to variations in the area of canopy and 
lesser availability of bats in nearby habitats. The signifi-
cantly greater duration of feeding bouts of P. giganteus 
and its lesser number of feeding visits compared to that of 
C. sphinx facilitate to conserve its energy that is needed to 
exhibit commuting flights, since flight cost increases with 
increase in body mass of bats19. The scanty visits of R. 
leschenaulti suggest that nectar of C. pentandra may be 
one of its less preferable food items. Alternatively, popu-
lation size of R. leschenaulti was low around our study 
areas. Our study clearly shows that bats such as P. gigan-
teus and C. sphinx are important pollinators f C. pentandra. 
 
 
1. Fleming, T. H., Foraging strategies of plant-visiting bats. In Ecology 
of Bats (ed. Kunz, T. H.), Plenum Press, New York, 1982, pp. 
287–325. 
2. Fujita, M. S. and Tuttle, M. D., Flying foxes (Chiroptera: Pteropo-
didae): Threatened animals of key ecological and economic impor-
tance. Conserv. Biol., 1991, 5, 455–463. 
3. Subramanya, S. and Radhamani, T. R., Pollination by birds and 
bats. Curr. Sci., 1993, 65, 201–209. 
4. Ganesh, T. and Davidar, P., Dispersal modes of tree species in the 
wet forests of southern Western Ghats. Curr. Sci., 2001, 80, 394–399. 
5. Raju, A. J. S., Rao, S. P. and Ezradanam, V., Pollination by bats 
and passerine birds in a dry season blooming tree species, Careya 
arborea in the Eastern Ghats. Curr. Sci., 2004, 86, 509–511. 
6. van der Pijl, L., Fledermäuse und Blumen. Flora, 1936, 31, 1–40. 
7. Jøker, D. and Salazer, R., Ceiba pentandra (L.) Gaertn, 2000, 
www.dfsc.dk. 
8. Gentry, A. H., Flowering phenology and diversity in tropical Big-
noniaceae. Biotropica, 1974, 6, 64–68. 
9. Start, A. N. and Marshall, A. G., Nectarivorous bats as pollinators 
of trees in W. Malaysia. In Variation, Breeding and Conservation 
of Tropical Forest Trees (eds Burley, J. and Styles, B. T.), Academic 
Press, London, 1976, pp. 141–150. 
10. Janson, C. H., Terborgh, J. and Emmons, L. H., Non-flying mam-
mals as pollination agents in the Amazonian forest. Biotropica,
1981, 3, 1–6. 
11. Baker, H. G. and Harris, B. G., Bat pollination of the silk-cotton 
tree, Ceiba pentandra (L.) Gaertn, in Ghana. J. West Afr. Sci. Assoc., 
1959, 5, 1–9. 
12. Cox, P. A., Observations on the natural history of Samoan bats. 
Mammalia, 1983, 47, 519–521. 
13. Elmqvist, T., Cox, P. A., Rainey, W. A. and Pierson, E. D., Re-
stricted pollination on Oceanic Islands; Pollination of Ceiba pen-
tandra by flying foxes in Samoa. Biotropica, 1992, 24, 15–23. 
14. Gribel, R., Gibbs, P. E. and Queiroz, A. L., Flowering phenology 
and pollination biology of Ceiba pentandra (Bombacaceae) in 
central Amazonia. J. Trop. Ecol., 1999, 15, 247–263. 
15. van der Pijl, L., Remarks on pollination by bats in the genera 
Ferycinetia, Duabanga nd Haplopragma nd on the chiroptero-
phily in general. Acta Bot. Neerdel., 1956, 5, 135–144. 
16. Fleming, T. H., Sahley, C. T., Holland, J. N., Nason, J. D. and 
Hamrick, J. L., Sonoran desert columnar cacti and the evolution of 
generalized pollination systems. Ecol. Monogr., 2001, 71, 511–
530. 
17. Singaravelan, N. and Marimuthu, G., Nectar feeding and pollen 
carrying from Ceiba pentandra by pteropodid bats. J. Mammal., 
2004, 85, 1–7. 
18. Elangovan, V., Marimuthu, G. and Kunz, T. H., Nectar feeding 
behaviour in the short-n sed fruit bat Cynopterus sphinx (Pteropo-
didae). Acta Chiropterol., 200, 2, 1–5. 
19. Speakman, J. R. and Thomas, D. W., Physiological ecology and 
energetics of bats. In Bat Ecology (eds Kunz, T. H. and Fenton, M. 
B.), The Univ. Chicago Press, Chicago, 2003, pp. 430–490. 
 
ACKNOWLEDGEMENTS. We thank the orchard owners for permitting 
us to carry out this study in their orchards. We thank the anonymous 
referee for critical reading and providing suggestions on an earlier ver-
sion of the manuscript. Financial support through IISc–DBT postdoc-
toral fellowship to P.T.N., DST ‘Fast Track Scheme for Young 
Scientists’ to V.E. and a MoEF research project to G.M. is gratefully 
acknowledged. 
 
 
Received 12 October 2004; revised accepted 18 January 2005 
a b 
